We use near infrared integral field unit (IFU) spectroscopy to search for Hα emission associated with star formation in a sample of 28 heavily reddened (E(B − V ) ≃ 0.5 − 1.9), hyperluminous (log(L bol /ergs −1 ) ≃ 47 − 48) broad-line quasars at z ≃ 1.4-2.7. Sixteen of the 28 quasars show evidence for star formation with an average extinction-corrected star formation rate (SFR) of 320 ± 70 M ⊙ yr −1 . A stacked spectrum of the detections shows weak [NII], consistent with star formation as the origin of the narrow Hα emission. The star-forming regions are spatially unresolved in 11 of the 16 detections and constrained to lie within ∼6 kpc of the quasar emission. In the five resolved detections we find the star-forming regions are extended on scales of ∼8 kpc around the quasar emission. The prevalence of high SFRs is consistent with the identification of the heavily reddened quasar population as representing a transitional phase from apparent 'starburst galaxies' to optically-luminous quasars. Upper limits are determined for 10 quasars in which star formation is undetected. In two of the quasars the SFR is constrained to be relatively modest, <50 M ⊙ yr −1 , but significantly higher levels of star formation could be present in the other eight quasars. The combination of the 16 strong star formation detections and the eight high SFR limits means that high levels of star formation may be present in the majority of the sample. Higher spatial resolution data, of multiple emission lines, will allow us to better understand the interplay between star formation and Active Galactic Nucleus (AGN) activity in these transitioning quasars.
INTRODUCTION
The discovery of the correlation between the bulge mass and the black-hole mass of nearby galaxies (Magorrian et al. 1998; Tremaine et al. 2002) lead to the prediction that the central black hole of a galaxy plays a vital role in determining the final stellar mass of the galactic bulge. Understanding this link in galaxies at z ∼ 2 − 3, when the majority of galaxy assembly and black-hole accretion is occurring, is therefore important to understand the formation and evolution of massive galaxies.
In the evolutionary picture first postulated by Sanders et al. (1988) infra-red luminous galaxies and quasars are different observational manifestations of the same phenomena. In the sequence illustrated by Hopkins et al. (2008) , massive galaxies are thought to form hierarchically through major mergers (e.g. Narayanan et al. 2010) . The merger induces a luminous starburst, enshrouding the galaxy in dust such that the starburst appears bright at far infra-red wavelengths. This emission is redshifted to submillimetre wavelengths for systems at z ∼2 and therefore the population of dusty galaxies are termed Submillimetre Galaxies (SMGs; e.g. Blain et al. 2002 , Swinbank et al. 2004 , Chapman et al. 2005 ). The star formation triggers black-hole accretion and as the dust and gas clear from the decaying starburst, the central nuclear region is revealed as an unobscured quasar. Feedback from the central Active Galactic Nucleus (AGN) eventually shuts off star formation within the quasar host and then the galaxy evolves passively into a red and dead elliptical (e.g. Springel et al. 2005a,b; Croton et al. 2006; Hopkins & Beacom 2006) .
The evolutionary scenario can be tested by observing the transition phase from massive starburst to unobscured quasar, during which the quasar will be enshrouded in dust and will therefore appear as a reddened quasar. This blowout phase (Di Matteo et al. 2005 ) is expected to be short-lived based on estimates of the volume density of far infra-red bright quasars at 2 < z < 3 (∼1 Myr estimated by Simpson et al. 2012) and therefore large volumes must be observed to detect these systems. Banerji et al. (2012 Banerji et al. ( , 2013 and Banerji et al. (2015) These studies provide a well defined sample of luminous and very massive dust-reddened quasars at z ∼ 2 − 3. In Paper I we find evidence that the number of reddened quasars exceeds that of the unobscured quasars at very high luminosities such that they are the dominant population of high luminosity quasars at z ∼ 2 − 3, the main epoch of galaxy formation. We suggest that they represent a short phase in the evolution of massive galaxies, corresponding to high intrinsic luminosities and obscurations.
In Paper I we utilise near infra-red Integral Field Unit (IFU) observations of the reddened quasar sample, performed using VLT-SINFONI (Spectrograph for INtegral Field Observations in the Near Infrared), by considering a single integrated spectrum per object. In this paper we now utilise the spatially resolved IFU observations to explore the star forming properties of the quasar host galaxies. Integral Field Spectroscopy provides a spectrum in each spatial pixel (spaxel) of a two dimensional field of view and the narrow Hα emission lines in each spaxel allow the ionized gas distribution to be determined.
IFU observations of high redshift systems have been used to study the morphological and kinematic properties of star forming galaxies by tracing the narrow Hα emission associated with star formation (e.g Förster-Schreiber et al. 2009 ). Hα IFU observations of SMGs have found that these systems are made of multiple components, with dynamically disturbed gas motions, providing evidence that these intense starbursts are merger induced (Swinbank et al. 2005 (Swinbank et al. , 2006 Alaghband-Zadeh et al. 2012; Menéndez-Delmestre et al. 2013) . IFU observations of the [OIII] λλ4959, 5007 emission-line doublet have been used to explore the dynamics of galaxies hosting AGN, finding evidence for outflows of gas (e.g. Alexander et al. 2010; Harrison et al. 2012 Harrison et al. , 2014 . In the reddened quasar sample, the combination of a powerful accreting black-hole and large amounts of dust is predicted to drive strong outflows due to the effects of radiation pressure on dust (Fabian 2012) . It is possible that outflows may both enhance or inhibit the host galaxy star formation (Silk & Rees 1998; Silk 2005; Zubovas et al. 2013; Farrah et al. 2012; Zinn et al. 2013; Ishibashi et al. 2013; Barai et al. 2014) . Star formation has been found to be suppressed in the outflow regions of z∼2 quasars (Cano-Díaz et al. 2012; Cresci et al. 2015) demonstrating how AGN feedback can be probed using resolved IFU studies.
A challenge of studying the star formation properties of quasar host galaxies is the need to separate the quasar emission (e.g. broad Hα line) from the host galaxy emission (e.g. narrow Hα line). Combining adaptive optics with integral field spectroscopy has proved to be effective (Inskip et al. 2011 ). Vayner et al. (2014 demonstrate that this method enables the broad Hα emission from the quasar to be disentangled from the narrow emission associated with the host galaxy in z ∼ 2 quasars. Two quasars are found to have star formation offset from the quasar nuclei and star formation limits are constrained for the rest of the sample. In the nearby Universe, IFU observations have been used to decompose the narrow and broad Hα emission, from star formation and the AGN respectively, in a sample of low redshift Type 1 quasars (Husemann et al. 2014) resulting in the finding that over half the sample exhibit star formation on kiloparsec scales.
In this paper we explore the star formation properties of our z∼2 reddened quasar sample, making use of the high resolution VLT-SINFONI observations. In Section 2 we summarise the observations and reduction of the data, in Section 3 we describe the analysis techniques used to determine the star formation rates (SFRs) and place constraints on the locations of the star forming regions.
In Section 4 we explore the implications of our results. All calculations assume a flat, ΛCDM cosmology with ΩΛ = 0.7 and H0 = 71 kms −1 Mpc −1 in which 0.7 arcsec corresponds to a physical scale of ∼6 kpc at z = 2.3 (the median seeing and redshift of our observations and targets respectively).
OBSERVATIONS AND REDUCTION
We observed 23 reddened quasars with the near infra-red IFU VLT-SINFONI in 2013 and five with VLT-SINFONI in 2009. Details of the object selection and the observations are given in Paper I and Banerji et al. (2012) respectively. Our observations targeted the redshifted Hα emission line which lies in the H and K bands for our sample of sources with redshifts of 1.4 < z < 2.7. The 2009 observations used the SINFONI H+K filter (R=1500 covering a range of 1.45−2.45 µm) and the 2013 observations used the K filter only (R=4000 covering 1.9−2.5 µm). For both SINFONI programmes we made use of the largest field of view (8×8 arcsec) which gives a pixel scale of 0.250×0.125 arcsec which is resampled to 0.125×0.125 arcsec in the final combined cubes. Each source was moved around four quadrants of the IFU (at offsets of ±1.5 arcsec from the centre of the IFU) to enable simultaneous sky subtraction. The resulting area with 100% exposure was therefore 5×5 arcsec which corresponds to ∼40×40 kpc at z = 2.3 (the median redshift of our sample).
The data were reduced using the standard SINFONI ESOREX pipeline which includes extraction, sky subtraction, wavelength calibration, and flat-fielding. We spatially aligned and co-added the cubes from each observation block using an average with a 10σ clipping threshold. We also applied a 3 × 3-pixel median filter to the co-added spatial images at each wavelength, replacing individual pixels with values |(I pixel − I median )|/(1.48×MAD)>7.0 with the median value. The MAD (median absolute deviation) was calculated from the distribution of |(I pixel − I median )| values for all pixels in the image. Care was taken to ensure that the replacement threshold did not affect pixels associated with the centroids of the targets. The result of the filtering were data cubes with a vastly reduced number of spurious, single-pixel, non-Gaussian artifacts and noise. We carried out relative flux calibration by observing bright standard stars throughout the nights on which the observing blocks were performed. We were then able to perform the absolute flux calibration by comparing the integrated K-band fluxes of the sources to those measured from broad band VHS/UKIDSS K-band observations of the targets.
In Table 1 we list the object identifications, redshifts and bestfit E(B − V )s for the targets. The error in the E(B − V ) values is ∼0.1 mag. The E(B − V ) values are derived using SED fits to the available broadband photometry that probe rest-frame optical wavelengths where the choice of extinction curve makes little difference to the inferred E(B−V ) values. Further details of these derived properties are given in Paper I and Banerji et al. (2012) . Table 1 . The positions, redshifts and reddenings for the targets. The error in the E(B − V ) values is ∼0.1 mag. The top section details the newest SINFONI sample (Paper I) and the bottom section details the older SINFONI sample described in Banerji et al. (2012) . The redshifts are derived from the centroids of single Gaussian profiles fit to the broad Hα lines, as described in Paper I. We also list the exposure times of the observations and the size of the seeing disk (the FWHM in arcsec of the PSF). We list the 1σ flux limits of the observations, corresponding to the noise in PSF-aperture spatial regions offset from the central broad-line emission. These are calculated assuming a σ=100 kms −1 Gaussian profile, for a σ=200 kms −1 Gaussian profile these flux limits should be multiplied by √ 2 to allow for the doubling in the wavelength region.
vations the resolution is σ ∼90 kms −1 and for the 2013 SINFONI observations the resolution is σ ∼50 kms −1 (Paper I).
Noise Properties
The exposure times for the VLT-SINFONI observations in 2013 were adjusted for each target at the telescope to ensure the broad Hα line was detected. Exposure times therefore vary as a function of sky conditions, the K-band magnitudes and the strength of the broad Hα emission of the individual sources (Table 1 ). The resulting range in spectrum flux sensitivity is significant ( Table 1) . As a consequence, star-formation rate sensitivities across the sample are very different, which should be noted when interpreting the results. The wavelength-dependent noise for all the targets is dominated by the signal from the sky, with strong wavelength-dependent variations due to the presence of individual sky emission features. The noise at a given wavelength can be determined from the amplitude of flux-variations calculated using PSF-aperture spatial regions, σ(λ)PSF that lie offset from the central AGN broad-line, i.e. excluding any 'signal' remaining after the broad-emission line subtraction for each object. The wavelength-dependence of the noise is essentially identical, with only the amplitude (from σMAD 1 ) varying from target to target.
Treating the two observing runs (2009 and 2013) separately, we constructed a master wavelength-dependent noise-spectrum by combining the results from the off-centre PSF-aperture regions of all the targets. The master noise-spectrum was then scaled using the value of σMAD for each target.
ANALYSIS AND RESULTS
To explore the star formation in the reddened quasar sample we must disentangle the Hα emission, originating from the quasar broad line region, from any narrow Hα line emission, originating from star formation in the quasar host galaxy.
The total emission profile is dominated by broad Hα line emission from the quasar. The emission is unresolved and thus appears in the data cubes as a PSF, with a profile set by the observing conditions. An example map of this broad emission, created by integrating a cube in the velocity axis over the the Hα line (from Hα-12000 kms −1 to Hα+12000 kms −1 ) is shown in the top left panel in Fig. 1 . For each source we set the central velocity (i.e. 0 kms −1 ) at the velocity centroid of the broad Hα emission (see Paper I). In the following analysis we search for evidence of narrow Hα emission after subtracting the broad Hα profile from the cubes.
Assumptions
We search for narrow emission with linewidths of σ=100 kms for the 2013 observations. Our choice of velocity widths are consistent with the properties of narrow Hα observed in SMGs (with no evidence for AGN affecting the spectra) owing to the star formation in these galaxies (Swinbank et al. 2004; Alaghband-Zadeh et al. 2012 ). Star formation rates corrected for extinction are calculated using the reddenings, given in Table 1 , assuming a value of Rv=3.1. We make the assumption that the extinction is the same towards the quasar as towards the star forming regions. If the extinctions towards the star forming regions are lower, the derived extinctioncorrected star formation rates will be over-estimated.
Procedure
In order to search for a narrow component of Hα we must subtract off the broad Hα emission (Fig. 1) . The broad Hα emission spectrum is determined by summing the spectra of each spaxel lying within a circular aperture centred on the AGN. The radius of this circular aperture is the distance from the centre at which, for the unresolved quasar emission, the signal-to-noise ratio (S/N) within the circle is a maximum (see Fig. 1 ), therefore giving the optimal estimate of the broad line profile. We define this circular aperture as the 'PSF-aperture'. We note that the 'PSF-aperture' does not contain the entire flux from the quasar since the spatial profile of the quasar emission will extend beyond this region. Indeed ≃32 per cent of the total flux from the unresolved emission lies outside the 'PSF-aperture' and therefore an aperture correction must be applied to give the total fluxes. This correction must be applied when calculating the total fluxes of all unresolved emission, including any unresolved narrow Hα emission we find in the following analysis.
The resulting broad Hα emission spectra for each source are shown in Figure A2 of Paper I. We then fit a single or double broad-Gaussian profile to each spectrum. The FWHMs of the single profile or both components of the double profile are constrained to be >1000 kms −1 and <10000 kms −1 in the fit. We choose to use a double Gaussian profile only in the cases where the fit is significantly improved by the addition of the second component, as in Paper I. The FWHMs of the broad line fits range from 1000−9600 kms −1 . Any narrow Hα emission may be coincident in velocity with the broad Hα profile and therefore included in the overall Gaussian fits mentioned above. To identify any such emission we search the residuals from the broad Gaussian fit for regions of excess positive flux on scales of ∼100 kms −1 and exclude these spectral regions in the next fit iteration (illustrated in Fig. 1 ). This final fit represents the defined broad line profile to be subtracted from the spectra across the cube.
We re-bin the cube such that the spectrum in each spaxel is replaced with the sum of the spectra from the spaxels in the surrounding region of the size of the PSF-aperture. In this way we therefore search for narrow Hα emission in PSF-apertures across the field of view. The broad-line profile is then subtracted from each binned spaxel in the data cube with an amplitude, k, determined using the maximum-likelihood technique (e.g. Hewett et al. 1985) where
and Si is the spectrum (with i wavelength steps) in each spaxel, Pi is the broad profile defined above and σi is the wavelength dependent noise (Section 2.1).
After subtracting the broad-line profile from each binned spaxel we search the resultant residual spectra for narrow Hα emission, assumed to possess a Gaussian profile with widths of σ=100 kms −1 or 200 kms −1 (see Sections 3.1 and 3.2.1). At each wavelength, the amplitude and χ 2 of the two Gaussian profiles is calculated, using velocity intervals of 600 kms −1 or 1200 kms
(for the 100 kms −1 or 200 kms −1 search respectively). Fig. 2 shows how the S/N and χ 2 values change across an example spectrum containing a narrow Hα line when searching for a σ=200 kms Gaussian profile.
Criteria for detections
Hα emission from star-formation is expected to be present at relatively low S/N. The number of potential locations in position and velocity searched is large: ∼80000 locations within ±1000 kms −1 of the systemic velocity and ±20 kpc from the location of the quasar centre for each source are searched in the 2013 sample. In the 2009 sample, with the lower spectral resolution, ∼30000 locations are searched for each source. False-positive detections are of particular concern, therefore we choose a conservative S/N threshold of S/N>5 for our narrow Hα detections. The appropriateness of the S/N>5 threshold was verified from stacking the narrow Hα detections with S/N>5 ( The Gaussian-profile template search, with the two velocity widths σ=100 and 200 kms −1 , retains sensitivity to the presence of all emission features with widths σ 250 kms −1 . The χ 2 values do, however, increase for features that do not match the Gaussian profiles of either specific velocity-width. A relaxed χ 2 -threshold of χ 2 <4 was adopted to ensure any such features were not excluded from the search.
The area with 100 per cent exposure in our observations is 5×5 arcsec and our emission-line search extends over an area of 4×4 arcsec centred on the quasar, which corresponds to ∼30×30 kpc at z=2.3 (the median redshift of our sample). Since we search in overlapping PSF-apertures, real emission lines result in multiple detections in neighbouring spaxels. In such cases we first take the location of the line detection to be the spaxel with the highest S/N. After examination of these detections, we find that the locations of all the detections are within the PSF-sized aperture region centred around the quasar emission. The narrow emission is therefore consistent with lying at the centre of the quasar and we Figure 1 . An example sequence (using VHSJ2355-0011) to illustrate the method used to search for narrow Hα emission. First we integrate the cube over the broad Hα line (from Hα-12000 kms −1 to Hα+12000 kms −1 ) to create an estimate of the PSF. The radius at which the PSF-signal has maximum S/N is determined and the signal from within the radius (the 'PSF-aperture') is used to provide the optimal estimate of the broad line profile. We characterise the broad line profile by first fitting a single or double Gaussian profile to the spectrum (blue line). The fit requires that the Gaussian profiles must have FWHMs greater than 1000 kms −1 . Since it is possible that the narrow component may be spatially coincident with the broad line PSF, and therefore included in this spectrum, the residuals of the initial fit are searched for regions of excess positive flux on scales of > 100kms −1 (red line). These regions are then excluded and the fit is recalculated (blue line). This final fit represents the broad line profile to be subtracted from each spaxel region. We re-bin the spaxels such that each spaxel contains the sum of the surrounding spaxels in a region the size of the PSF-aperture. We then subtract the broad profile, using a maximum likelihood technique to scale the profile, from each spaxel region and search the profile-subtracted cube for narrow Gaussian Hα emission with σ=100 kms −1 and 200 kms −1 . therefore present the spectra from the central PSF-apertures as the detections in the following analysis.
After running the automated search for narrow Hα emission, with the above detection criteria, we apply an additional check of the broad Hα profile subtraction, examining the residuals of the fit. In two of the sample (VHSJ2101-5943 and ULASJ2224-0015) potential narrow Hα emission is found, meeting our detection criteria. However, after subtracting the broad Hα profile we find that the resulting spectra contain multiple large residuals in the region of Hα±5000 kms −1 , suggesting that the narrow emission features are not real. In Figs. 3 and 4 we show the residuals of the broad subtractions for VHSJ2101-5943 and ULASJ2224-0015 respectively. The potential narrow emission found in our automated search for VHSJ2101-5943 and ULASJ2224-0015 is shown in Figs. C7 and C15 respectively, however we exclude these sources from the narrow Hα detection sample for the remainder of the analysis.
Search for extended emission
It is possible that the narrow emission we detect originates from star forming regions that are extended beyond the size of the PSFapertures. In order to test for resolved, extended emission in the sample of narrow Hα detections we increase the aperture size of the binned cubes and re-run our narrow Hα emission search procedure. In ULASJ1002+0137, VHSJ2028-4631, VHSJ2144-0523, VHSJ2235-5750 and VHSJ2332-5240 the S/N of the resulting narrow emission is improved by increasing the aperture size and therefore we find five sources in which there is evidence for extended and resolved star forming regions lying around the quasar centres. The sizes of the larger apertures (listed in Table 2 ) correspond to the aperture sizes at which the S/N of the detections are maxima. In the analysis that follows we use the spectra from these larger apertures.
Search for [NII]
Application of the search procedure described above results in the detection of narrow Hα emission in 16 of the 28 reddened quasars. In order to test whether the narrow emission arises due to star formation in the quasar host galaxy or from the NLR of the AGN itself we search the spectra for [NII] given its suitability for discriminating between star-formation and AGN origin of the Hα emission (e.g. Kewley et al. 2006) . In each of the 16 spectra, based on the velocity-width of the putative Hα detection, we fit a σ=100 kms −1 or 200 kms −1 , Gaussian profile at the predicted position of the [NII] line.
Two of the sources (VHSJ1556-0835 and ULASJ2200+0056) exhibit large residuals in the spectral region of [NII] following the broad Hα profile subtraction (shown in Figs. C2 and C13 ). Given the high S/N detections of the narrow Hα in these two sources we are confident that the residuals at the position of [NII] are not real [NII] features. The narrow Hα emission in both cases is Gaussian shaped, whereas the excess flux at the position of [NII] is highly non-Gaussian, therefore not matching the narrow Hα line features. For these two sources we are therefore unable to constrain the real [NII] emission. The origin of the excess flux may be from poor characterisation of the broad Hα line, for example if it is not well fit by a single or double Gaussian profile, such that the broad subtraction leaves excess flux at the location of [NII] . Narrow [NII] associated with the narrow Hα may be present but the extent of the residuals precludes any reliable measurement. In the analysis that follows we include VHSJ1556-0835 and ULASJ2200+0056 in our sample of star-formation detections, since we cannot rule out that the narrow Hα emission arises due to star formation, however we do not include these two sources in the stack of the detections (Fig.  5) since we use the stack to constrain the low S/N [NII] emission for the sample.
The stack of the 14 remaining detections is shown in Fig. 5 Table 2 . The upper limit of the [NII] flux is the 5σ limit, from our S/N>5 detection criteria. In nine of the detections the upper limits to the [NII]/Hα ratio are <0.7 indicating that the narrow Hα emission is from star formation. In the remaining four detections the upper limits to the [NII]/Hα ratio are >0.7 and it is possible that the narrow Hα emission originates from the NLR, however, since only upper limits are available we retain the sources in our sample of objects possessing evidence of star formation.
Results
In Figs. C1 to C18 we show the maps and spectra of the 16 star formation detections, along with the corresponding noise spectra. In Fig 6 we show an example detection of the narrow emission in VHSJ2355-0011. The maps of the detections are made by integrating the broad Hα profile-subtracted cubes from the centre of the narrow line ±150 kms −1 or ±300 kms −1 , corresponding to 1.5σ for the 100 kms −1 and 200 kms −1 search respectively. The profilesubtracted cubes are made by subtracting the broad line profile (scaled using the maximum likelihood technique) from the spectrum in each binned spaxel. The spaxels are binned such that each spaxel represents the sum of the surrounding spaxels in a PSFaperture sized region. For each detection we present the spectrum originating from the binned spaxel at the quasar centre, in which there is evidence for narrow Hα emission. Table 2 lists the extinction-corrected star-formation rates (assuming the Calzetti et al. (2000) reddening law) using the relation between Hα luminosity and star formation rate from Kennicutt & Evans (2012) :
In Table 2 we quote the star formation rates using the Hα flux within the PSF-apertures for the unresolved sample (SFRaperture). The PSF-aperture is defined as a circle with a radius at which, for Figure 6 . Left: Map of the narrow Hα emission in VHSJ2355-0011, created by integrating the profile-subtracted cube from the centre of the narrow line ±150 kms −1 (1.5σ). The profile-subtracted cube is made by subtracting the broad line profile (scaled using the maximum likelihood technique) from the spectrum in each binned spaxel. The spaxels are binned such that each spaxel represents the sum of the surrounding spaxels in a PSF-aperture sized region. The black cross marks the quasar centre and corresponds to the aperture in which the total spectrum has evidence for a narrow Gaussian of width σ=100 kms −1 . We show the FWHM of the PSF-aperture by the black line in the bottom, right-hand corner. Top Right: The total spectrum from the aperture at the quasar centre with the scaled Gaussian overlayed. Bottom Right: The noise spectrum (as detailed in Section 2.1).
an unresolved point source, the S/N of the emission is a maximum (see Section 3.2) and ≃32 per cent of the total flux lies outside the aperture. We therefore apply an aperture-correction to calculate the total star formation rate (SFR total ). For objects with resolved detections, the Hα flux within the extended aperture is used to derive the star formation rate. Sizes, in kpc, of the star forming regions are also given. The sizes correspond to the FWHMs of the apertures for the resolved detections and to the FWHMs of the PSF-apertures (as upper limits) for the unresolved detections.
While we explore the spatial positions of the narrow Hα detections we do not analyse the velocity offsets of the narrow Hα emission from the systemic velocities since the centroids of the broad Hα emission are themselves not tightly constrained.
In Fig. 7 we show the star formation rates against the star forming region sizes. The average star formation rate is 320±70 M⊙yr −1 for the 16 quasars in which we detect narrow Hα emission. We find extended, resolved emission in five sources with star forming regions of 8±1 kpc around the quasar centre. The emission is unresolved in the remainder of the sample, typically constrained to lie within ∼6 kpc of the quasar centres (the angular resolution of the observations)
Star formation rate limits
In the sources without detected narrow Hα emission, upper limits on the star-formation rates may be derived via a series of simulations. We add three-dimensional Gaussian profiles to the data cubes (in RA, Dec and velocity space) with spatial widths that match the seeing of the observations (the broad Hα PSF spatial profile) and a velocity width of σ=100 kms −1 . The input profiles are placed at the quasar centres and the minimum intensity necessary to produce a 'detection', using our search procedure, is determined. In Table  2 we quote the resulting upper limits of the star formation rates, assuming the star forming region lies within the PSF region. In our test we assume velocity widths of σ=100 kms −1 for out input narrow Hα emission. We note that to place limits on narrow emission with widths of σ=200 kms −1 the σ=100 kms −1 limits would need to be scaled up by a factor of √ 2 to take into account the doubling in the velocity range of the noise calculation. In two sources the limits on the star formation rates are <50 M⊙yr −1 indicating that these systems may contain very little star formation.
For ULASJ1234+0907 (Banerji et al. 2014) we have also performed narrow-band Hα imaging observations (detailed in Appendix A). Above, we find that star formation within the PSF (<6.1 kpc) must be <4600 M⊙yr −1 , consistent with the conclusion from the narrow band imaging, that the star formation must be within the central 8 kpc.
DISCUSSION
We find evidence for significant star formation in 16 of 28 reddened quasars (≃54 per cent) with an average Hα star formation rate of 320±70 M⊙yr −1 2 . In the remaining quasars, our observations provide limits on the Hα star formation rates. In two of the sample star formation rates of 50 M⊙yr −1 or lower are ruled out within the central ∼6 kpc. High-redshift starburst galaxies have typical star formation rates of ∼100 M⊙yr −1 , therefore our limits could suggest that such levels of star formation have already been quenched in a fraction of the reddened quasar population. Alternatively, the star formation may be distributed over wider areas than our (seeingdetermined) ≃<6 kpc resolution, thus eluding discovery in the procedure we have adopted. For the remaining eight quasars the limits are not as constraining (<110 M⊙yr −1 to <4600 M⊙yr −1 ) therefore it is possible that there is significant star formation within the central ∼6 kpc of these quasars. Our findings are consistent with the ∼71 per cent of quasar host galaxies found to be actively forming stars in a sample of X-ray selected obscured quasars at z∼2 (Mainieri et al. 2011) .
Observations of high-redshift unobscured luminous quasars, made at far infrared and submillimetre wavelengths, have shown that approximately a quarter of the unobscured sample are bright in the far infrared and therefore are likely associated with recent star Table 2 . The fluxes and star formation rates of the narrow Hα emission. We quote both the extinction corrected star formation rates and the rates uncorrected for extinction. For the unresolved detections we also scale the extinction corrected SFRs within the PSF-apertures to give the total aperture-corrected SFRs.
For the cases where we do not see any evidence for narrow Hα emission we quote the input SFR required to be added to the cubes (in the form of a narrow Gaussian component) for the narrow component to be detected in our procedure (i.e. with S/N>5) as detailed in Section 3.4. For the unresolved detections we quote the FWHM of the PSF in kpc as the limit on the size of the star forming regions around the quasar centres.The FWHM of the PSF is listed in arcsec in Table 1 . For the resolved emission we quote the FWHM of the aperture size that maximises the S/N of the detections. We quote the upper limits to the [NII]/Hα ratio for the sources with narrow Hα detections as detailed in Section 3.2.3. The upper limit to the [NII] flux is the 5σ upper limit such that we match the S/N>5 detection criteria.
formation (e.g. Omont et al. 2003; Priddey et al. 2003) . A higher fraction of the reddened quasars contain star formation compared to similarly luminous blue quasars, although a direct comparison is not possible because different star formation indicators are used for the two populations. Hubble Space Telescope observations of z∼1-2 unobscured luminous quasars have been used to estimate mean star formation rates of ∼50-350 M⊙yr −1 (Floyd et al. 2013 ), indicating that the reddened quasars exhibit higher levels of star formation than the unobscured quasars.
The presence of high star formation rates, associated with larger dust extinctions, provides a natural explanation for the observed correlation between luminous reddened quasars and the presence of significant star formation. Far-infrared to millimetre dust continuum observations have already constrained star formation rates in three of our reddened quasars: ∼2000 M⊙yr −1 for ULASJ1234+0907 (Banerji et al. 2014 ), ∼275 M⊙yr −1 for ULASJ1002+0137 (Brusa et al. 2014 ) and >250-1600 M⊙yr for ULASJ1539+0557 (Feruglio et al. 2014 ). The average star formation rate of 320±70 M⊙yr −1 we measure is consistent with the rates deduced from far-infrared and millimetre dust continuum observations. The high level of star formation observed in our sample is consistent with the hypothesis that the reddened quasars represent a post-merger stage in the evolution of massive galaxies in which the merger has induced both a starburst and increased fuelling of the central supermassive black hole (e.g Hopkins et al. 2008) .
We now draw comparisons between the typical scales of the star-forming regions seen in our reddened quasars and those measured in other populations of star-forming galaxies and AGN.
Comparison to SMGs at z∼2
In the evolutionary sequence proposed by Hopkins et al. (2008) , merger induced star formation triggers accretion onto the central black-holes of the galaxies such that the systems appear as dusty (reddened) quasars. The dusty star forming galaxies of the SMG population may then represent a phase that is followed by a reddened quasar phase. The average star formation rate we measure in the reddened quasar sample of 320±70 M⊙yr −1 matches the average Hα-derived star formation rate of the z∼2 SMGs studied in Alaghband-Zadeh et al. (2012) of 370±90 M⊙yr −1 (Fig. 7) Figure 7. The total, i.e. aperture-corrected in the case of unresolved emission, star-formation rates derived from the narrow Hα emission as a function of the radius within which the narrow Hα emission is constrained to originate. The radii correspond to the FWHM of the PSF of the broad Hα emission for the unresolved emission and the aperture size that maximises the S/N for the resolved emission. For sources without Hα emission detections we plot an upper limit to the star-formation rate calculated as described in Section 3.4. We plot literature detections of star formation around other high-z quasars (Vayner et al. 2014; Cano-Díaz et al. 2012; Walter et al. 2009 ), z ∼0.7 reddened quasars (Urrutia et al. 2008 (Urrutia et al. , 2012 and also the predictions from hydrodynamical simulations of mergers (Narayanan et al. 2009 . We also show the range of extents of the star formation in SMGs from Hα observations (Swinbank et al. 2006; Alaghband-Zadeh et al. 2012; Menéndez-Delmestre et al. 2013 ) and the average Hα star formation rate of SMGs from (Alaghband-Zadeh et al. 2012) . We separately plot the offset and star formation rate of the SMG SMMJ0217-0503 which represents a SMG and AGN system, clearly offset in the Hα observations (Alaghband-Zadeh et al. 2012) . The scale of star formation observed in the majority of our reddened quasar sample is consistent with the observations of other high-z quasars and the local reddened quasars.
indicating that powerful starbursts are occurring in the reddened quasars, similar to the SMGs.
In the z∼2 SMGs, star formation observed through Hα studies (Swinbank et al. 2006; Alaghband-Zadeh et al. 2012; Menéndez-Delmestre et al. 2013 ) is seen to be extended on scales of ∼2-17 kpc, leading to the proposal that the SMGs consist of multiple merging components. Furthermore, in the AGN-SMG system (SMMJ0217-0503; Alaghband-Zadeh et al. 2012) there is an offset of ∼18 kpc between the AGN and the star-forming SMG component. We find evidence for extended star formation on scales of ∼8 kpc in five of our sample, consistent with the extended star formation observed in the SMGs. In the majority of our sample the star forming regions are constrained to lie within ∼6 kpc of the quasar centres and therefore are at the lower end of the range of offsets in SMGs (Fig. 7) . It is possible that the reddened quasar phase represents a more advanced stage in a merger sequence, when the star forming gas is more compact than observed in the SMGs. However, a comparison between the star-forming properties of the reddened quasar host galaxies and SMGs would ideally be undertaken for sub-populations of comparable total mass.
In the hydrodynamic simulations of SMG mergers detailed in Narayanan et al. (2009) , the star formation rate during the first passage and inspiral phases of the merger is ∼200 M⊙yr −1 (rising up to ∼1000 M⊙yr −1 at final coalescence) matching the average star formation rates of our reddened quasar sample (320±70 M⊙yr −1 ). In the simulations, the sizes of the 12 CO(3-2) emission regions, tracing the molecular gas and therefore the fuel for the star formation, are predicted to be ∼1.5 kpc during the star burst phase and only extend up to ∼2.5 kpc for cases where the intense star burst occurs at the early stages of the merger (Fig. 7) . The origin of the compact star formation in the simulations is the gas being pushed into the centre during the merger. While the sizes are consistent with the upper limits constrained from our observations, the simulations are tracing the molecular gas which fuels star formation, whereas our Hα emission observations arise from ionized gas following the formation of massive stars. originating from a PSF-aperture. Second from Top: The corresponding wavelength dependent noise. 3rd from Top: The S/N at each velocity of a σ=200 kms −1 Gaussian, scaled to fit the spectrum at that point. Bottom: The corresponding reduced χ 2 at each velocity of a σ=200 kms −1 Gaussian. The location of the line centroid is the velocity where the χ 2 reaches a local minimum (and is below 4) and the S/N>5. Urrutia et al. (2008) present Hubble Space Telescope observations of low-redshift reddened quasars from the FIRST/2MASS Red Quasar Survey (Glikman et al. 2007 ) finding that they exhibit multiple, interacting components and tidal tails, consistent with an origin in recent merger activity. Their sample is composed of sys- tems with a wide range of separations, suggesting that the reddened quasar phase in the low-redshift sample may occur at different stages of the merger process; from early on, where the merging galaxies are still identifiable, through more advanced stages, where multiple nuclei are observed, as well as in the final coalescence stage when tidal tails are visible.
Comparison to low redshift reddened quasars
Five of the low-redshift reddened quasar sample exhibit more than one component, with separations of 1.2−9.2 kpc, and starburst-like star formation rates of ∼100 M⊙yr −1 (calculated using the far-infrared luminosities from Urrutia et al. 2012 and Kennicutt & Evans 2012) as shown in Fig. 7 . Our finding that star formation is located within ∼6 kpc of the quasar nuclei in the majority of the high-redshift reddened quasar sample is consistent with the component separations of these clumps (associated with the quasar hosts) in the low-redshift sample. The similarity in the spatial scales of the high rates of star-formation provides some support for associating the high-redshift reddened quasars with the late stage (final coalescence) of a galaxy merging event, as also found by Glikman et al. (2015) .
Comparison to high redshift quasars
Observations of the star formation rates and locations in unobscured quasars of comparable luminosity to our reddened quasars are few in number. In a study of five z ∼ 2 quasars (Vayner et al. 2014 ; Fig. 7 ), two objects are found to possess star formation rates of ∼40-110 M⊙yr −1 at distances of 2-4 kpc from the quasars, with three non-detections. We therefore find that a significant fraction of the reddened quasars are associated with more extreme star formation rates than is common for unobscured quasars, although the spatial locations of the events may be consistent. Walter et al. (2009) show that at z ∼6, an extreme star formation rate (1700 M⊙yr −1 ) in a quasar host galaxy is confined to the central ∼1 kpc (Fig. 7) which they suggest may be the result of a merger, although they do not rule out the possibility of infall of cold gas from streams triggering the star formation (Dekel et al. 2009 ). The limits on the sizes of the majority of our sample are not as constraining as the compact star formation observed in this source, however we cannot rule out that a similar origin may apply for our sample.
Feedback
IFU observations enable both the spatial locations of star forming regions to be determined and the effects of the AGN on the host galaxy to be studied. Recent work supports a mixture of both positive and negative AGN-feedback affecting the host galaxy star formation. More specifically, AGN outflows have been suggested both to cause gas to condense to form stars and also remove (or heat) gas and thus inhibit star formation (e.g. Silk & Rees 1998; Silk 2005; Zubovas et al. 2013; Farrah et al. 2012; Zinn et al. 2013) . Ishibashi et al. (2013) suggest that star formation can occur in AGN-feedback driven outflows and that the AGN-induced star formation can explain a number of other galaxy properties such as the evolution of their size and structure (Ishibashi & Fabian 2014) . In general, models predict significant influence of an AGN-driven flow close to the AGN, whereas there is much less clarity regarding the significance of any AGN-induced activity on large scales. The models of Nayakshin (2014) predict positive-feedback due to the effect of the AGN on star formation in the early gas-rich phases of galaxy evolution with negative feedback important on much larger scales at later times. Our observations of star formation found to lie in regions of ∼6 kpc around the quasar centre indicate that it is possible that the AGN has induced star formation in these systems on these scales. However, higher resolution (likely AO assisted) IFU observations are required to resolve the morphology and dynamics of the star forming regions much closer to the quasar nuclei (<∼1-3 kpc) such that AGN-induced star formation could be identified or discounted. Positive AGN-feedback occurring at large offsets from the nucleus has been suggested from observations of extended Lyα around a quasar at z ∼3 (Rauch et al. 2013) . We find extended star formation in five of our sample, on ∼8 kpc scales, suggesting that AGN-driven outflows could trigger star formation on these scales.
The detection of kiloparsec scale molecular outflows in both high redshift and local quasars (Feruglio et al. 2010; Cicone et al. 2012; Maiolino et al. 2012; Cicone et al. 2014) indicates that outflows could affect star formation in host galaxies on the ∼5 kpc scales of our star-formation detections. Both the resolved observations and the interpretation are however not straightforward (e.g. Rupke & Veilleux 2011) , particularly if both positive and negative feedback occur with different spatial and temporal dependencies. The large average star formation rate we measure for 16 quasars within ∼6 kpc does not support strong negative feedback on such scales in approximately half our sample. However negative feedback may be responsible for the two sources in which the star formation rates are constrained to be <50 M⊙yr −1 suggesting very little star formation is occurring in these host galaxies. The limits on the star formation rates in the remaining eight quasars are not constraining enough to rule out significant star formation therefore feedback effects cannot be assessed. Cresci et al. (2015) combine their detections of narrow Hα emission in ULASJ1002+0137 (see Appendix B) with [OIII] and HST U -band observations and propose that ULASJ1002+0137 contains both positive and negative feedback. They detect an outflow in [OIII] extending up to 13 kpc from the AGN; the AGN appears to reside in a region with little star formation, surrounded by areas experiencing elevated star formation. Their interpretation invokes an outflow, which removes gas within the extent of the outflow, therefore inhibiting star formation, while also inducing star formation at the interface between the outflow and gas in the host galaxy. A similar scenario is seen around a z∼2 quasar (Cano-Díaz et al. 2012) in which extended star formation (on scales of several kpc; Fig. 7) is observed, however, there is no star formation observed in the region where a strong outflow is detected in [OIII] . To explore the various feedback effects further, and determine the fraction of reddened quasars which exhibit such a geometry, a comparison to the resolved [OIII] emission in each source is required. Complimentary [OIII] observations can be used to compare the outflows and star formation morphologies. Higherresolution observations of multiple diagnostic emission lines will enable the gas properties and kinematics to be studied, allowing the importance of AGN-feedback in the evolution of the host galaxies to be constrained.
CONCLUSIONS
We have utilised IFU observations to study the star formation properties of a sample of 28 reddened quasars at z ∼ 2, finding evidence for star formation in 16 reddened quasars (i.e. 57%), with an average star formation rate of 320±70 M⊙yr −1 . The star forming regions detected are constrained to lie within ∼6 kpc of the central AGN in the majority of the sample, however in five of the sample there is evidence for resolved, extended emission around the quasar centre on scales of ∼8 kpc. In two of the sources in which we do not detect star formation the star formation rates are constrained to be <50 M⊙yr −1 suggesting very little star formation is occurring in these host galaxies. However, the limits on the star formation rates for the remaining eight quasars are not as constraining, implying that significant star formation may be present in the majority of our sample. Higher resolution observations of the star formation in the reddened quasar sample are required to disentangle the potential positive and negative feedback effects of the AGN on the star formation properties of its host galaxy.
2MASS stars in the field. Flux calibration was performed using standard stars observed in the KS filter on the same night. The median KS band zero-point derived from these observations is 24.16. We applied an offset of 1.9 mags (Retzlaff et al. 2010) in KS to convert the magnitudes to the AB system. The relative throughput between the broad and narrow-band filters was determined using a single 2MASS star in our field. Due to the lack of other bright objects in the field, this flux calibration is expected to be accurate at the level of 0.1 mags. As the two narrow-band OBs were executed on different nights, we reduced each of these separately to produce two co-added narrow-band images. After ensuring that the photometry and astrometry were consistent between the two images, the two reduced narrow-band images were then combined to produce our final narrow-band image.
The measured FWHM of the quasar in the KS-band is 0.41 arcsec which is consistent with the size of the seeing disk of the ISAAC observations. The FWHM of the quasar in the two narrow-band images is 0.43 arcsec and 0.51 arcsec once again consistent with the seeing of the ISAAC observations.
The quasar appears to be unresolved in both the broad and narrow-band observations. In order to search for faint extended Hα emission, we attempted to perform PSF subtraction on the quasar image using the single bright star in the field. The star was subtracted from the quasar images after scaling the flux of the star to match that of the quasar. Although some residuals remained due to imperfect subtraction, the PSF subtracted images are consistent with noise and we do not find any evidence for obvious extended Hα emission around the quasar.
In order to derive the noise on the Hα images, we extracted a region of 256×256 pixels around the quasar in which there are no other bright sources. The quasar broad-line emission was then masked from the images by removing all pixels above 5σ which are all located within the seeing disk of the image. The remaining pixels were then used to calculate the RMS noise properties of the narrow-band images. The RMS noise is 0.10 µJy per pixel in the combined narrow-band image which translates to an Hα flux of 1.7×10
−18 erg/s/cm 2 per pixel. We subtract the broad-line Hα emission from our narrow-band image such that we are only sensitive to extended star formation at radii outside the seeing FWHM (∼1 arcsec from the quasar nucleus). This corresponds to physical scales of 8 kpc at z = 2.503. At scales of >8 kpc from the quasar, our narrow-band imaging allows us to place limits on the star formation rate density (converting Hα flux to a star formation rate using Kennicutt & Evans (2012) ) of ΣSFR <3 M⊙yr −1 per pixel or < 2 M⊙yr −1 kpc −2 (3σ). In Fig. A1 we show the star formation rate density map in a box of 6×6 arcsec around ULASJ1234+0907. The nuclear source has been masked out from the image.
The total star formation taking place in ULASJ1234+0907 has been constrained as ∼2000 M⊙yr −1 from far infra-red observations (Banerji et al. 2014) , enabling a comparison to the limits on the level of unobscured star formation derived from our Hα narrow-band imaging. Given the extreme starburst luminosity of ULASJ1234+0907 and even accounting for a dust-extinction of AV = 6 mags as measured towards the central black-hole (Banerji et al. 2012) , the Hα flux due to star formation is expected to be 3.4×10
−17 erg/s/cm 2 . This is a lower limit given that the extinction may be less severe towards the star-forming regions. Assuming this star formation is occurring over a region of ∼6 Figure A1 . Narrow-band Hα emission map in a region of 6×6 arcsec around ULASJ1234+0907 where the Hα emission per pixel has been converted to a star formation rate density per pixel. The pixel size is 0.148 arcsec. The image has been smoothed using median filtering over a 2×2 pixel box. The 1σ contours can also be seen. From this map, we obtain a 1σ limit on the star formation rate density of Σ SFR <1 M ⊙ yr −1 per pixel tion is expected to be ∼7×10 −18 erg/s/cm 2 . The noise in our coadded narrow-band image is 1.7×10
−18 erg/s/cm 2 per pixel so we should have detected this star formation at the ∼4σ level if it was occurring at radii >8 kpc from the central black-hole. We conclude therefore that the starburst in ULASJ1234+0907 is located within ∼8 kpc of the central black-hole. In Section 3.3 we find that any star formation within the PSF (<6.1 kpc) must have a star formation rate <4600 M⊙yr −1 . These results are therefore consistent with the findings of the narrow band imaging that the star formation must be contained within the central 8 kpc.
APPENDIX B: ULASJ1002+0137
Using the same Hα data, Cresci et al. (2015) highlight two regions (at 9σ and 4σ significance levels) of narrow Hα emission in ULASJ1002+0137 from which they measure a combined Hα star formation rate of ∼230 M⊙/yr, consistent with the star formation rate of ∼275 M⊙/yr constrained from far-infrared observations (Brusa et al. 2014) . The narrow Hα profile of ULASJ1002+0137 presented in both Bongiorno et al. (2014) and Cresci et al. (2015) is present in our integrated spectrum (see Paper I). A strong skyemission line is coincident with the narrow Hα emission. Using our noise-weighted, broad profile-subtracting, detection scheme we detect a smaller narrow Hα signal with a star formation rate of 47±9 M⊙/yr found to lie in a region of ∼11 kpc around the quasar centre. Owing to the 0.8 ′′ seeing of the observations we do not attempt to undertake a spatially resolved analysis of this object. We note that our procedure is tailored for use on multiple objects with no prior information available about the shape of both the broad and narrow Hα lines. Figure C1 . Left: Map of the narrow Hα emission in ULASJ1002+0137, created by integrating the profile-subtracted cube from the centre of the narrow line ±150 kms −1 (1.5σ). The profile-subtracted cube is made by subtracting the broad line profile (scaled using the maximum likelihood technique) from the spectrum in each binned spaxel. Since we find evidence for extended (spatially resolved) narrow Hα emission in this case the spaxels are binned such that each spaxel represents the sum of the surrounding spaxels in a region the size of which maximises the S/N of the detection. The black cross marks the quasar centre and corresponds to the aperture in which the total spectrum has evidence for a narrow Gaussian of width σ=100 kms −1 . We show the FWHM of the PSF-aperture by the black line in the bottom, right-hand corner. Top Right: The total spectrum from the aperture at the quasar centre with the scaled Gaussian overlayed. Bottom Right: The noise spectrum (as detailed in Section 2.1). Figure C2 . As for C1 for the narrow Hα emission in VHSJ1556-0835. Since the narrow Hα emission is spatially unresolved the spaxels are binned such that each spaxel represents the sum of the surrounding spaxels in a region the size of PSF-aperture. The black cross marks the quasar centre and corresponds to the PSF-aperture in which the total spectrum has evidence for a narrow Gaussian of width σ=100 kms −1 . We show the FWHM of the PSF-aperture by the black line in the bottom, right-hand corner. Figure C3 . As for C1 for the resolved narrow Hα emission in VHSJ2028-4631. A narrow Gaussian profile with a width of σ=200 kms −1 was found to give a better fit therefore the map is created by integrating over ±300 kms −1 (1.5σ) and the Gaussian profile overlayed has a width of σ=200 kms −1 . Figure C4 . As for C2 for the unresolved narrow Hα emission in VHSJ2028-5740. A narrow Gaussian profile with a width of σ=200 kms −1 was found to give a better fit therefore the map is created by integrating over ±300 kms −1 (1.5σ) and the Gaussian profile overlayed has a width of σ=200 kms −1 . Figure C5 . As for C2 for the unresolved narrow Hα emission in VHSJ2048-4644. Figure C6 . As for C2 for the unresolved narrow Hα emission in VHSJ2100-5820. A narrow Gaussian profile with a width of σ=200 kms −1 was found to give a better fit therefore the map is created by integrating over ±300 kms −1 (1.5σ) and the Gaussian profile overlayed has a width of σ=200 kms −1 . Figure C7 . As for C2 for the unresolved narrow Hα emission in VHSJ2101-5943. This source is removed from the star formation sample as detailed in Section 3.2.1. . As for C2 for the unresolved narrow Hα emission in VHSJ2141-4816. A narrow Gaussian profile with a width of σ=200 kms −1 was found to give a better fit therefore the map is created by integrating over ±300 kms −1 (1.5σ) and the Gaussian profile overlayed has a width of σ=200 kms −1 . Figure C11 . As for C2 for the unresolved narrow Hα emission in VHSJ2143-0643. Figure C12 . As for C1 for the resolved narrow Hα emission in VHSJ2144-0523. A narrow Gaussian profile with a width of σ=200 kms −1 was found to give a better fit therefore the map is created by integrating over ±300 kms −1 (1.5σ) and the Gaussian profile overlayed has a width of σ=200 kms −1 . The narrow Hα emission is spatially resolved. c 0000 RAS, MNRAS 000, 000-000 Figure C15 . As for C2 for the unresolved narrow Hα emission in ULASJ2224-0015. This source is removed from the star formation sample as detailed in Section 3.2.1. Figure C16 . As for C1 for the resolved narrow Hα emission in VHSJ2235-5750. A narrow Gaussian profile with a width of σ=200 kms −1 was found to give a better fit therefore the map is created by integrating over ±300 kms −1 (1.5σ) and the Gaussian profile overlayed has a width of σ=200 kms −1 . The narrow Hα emission is spatially resolved. Figure C17 . As for C1 for the resolved narrow Hα emission in VHSJ2332-5240. A narrow Gaussian profile with a width of σ=200 kms −1 was found to give a better fit therefore the map is created by integrating over ±300 kms −1 (1.5σ) and the Gaussian profile overlayed has a width of σ=200 kms −1 . Figure C18 . As for C2 for the unresolved narrow Hα emission in VHSJ2355-0011.
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